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Magnetostatic Surface Wave Transducers

Introduction

The purpose of this report is to summarize the results of the
work on magnetostatic surface wave transducers under contract number
F 19628-80-C-0029 from the U.S. Air Force ESD RADC EEA at Hanscom
AFB, Ma.

To be presented are the results for the dispersion relation,
radiation resistance, radiation reactance and insertion loss for
magnetostatic surface wave transducers which may include a gap and
apodization. Independent conductors as well as normal modes are con-
sidered. Also presented are the results for the dispersion relation
for surface waves for a variety of alignments of the externally
applied magnetic biasing field.

Computerized results including computerized graphs of the results
are presented here. Comparisons are made with results obtained from

the analysis of the microstrip model which is also here presented.
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Basic_Theory

The basic theory leading to the dispersion relation, magneto-

static wave power, radiation resistance, radiation reactance and

insertion loss for surface waves when the applied magnetic biasing

field is in the direction of the Z axis (see Figure 1) has been pre-

viously detailed [1]’[2]’[6]’[8]’[12]. This theory will here be

outlined.

We start with Maxwells equations

)
VXH—R H VB 0
TE = - B 7.5 =
VxE = T » vV:D=o0

and the constitutive relations in each of the four regions

B=u, (A+H)

where M is taken as zero in all regions except the YIG region.

utilize the gyromagnetic relation in the YIG region
%—?=-Yﬁxﬁ

and retain only first order terms.

(1)

(2)

We

(3)

We assume the time dependence of all physical quantities to be

e?“t. We also take the magnetostatic approximation

4)




and no variation of any physical quantity in the z direction.

In particular, we obtain

Z)Ez )
“3—},-='34on
B, (5)
X TIuBy
and
B)\=uoH
. . (6)
y Yo'y
in all regions except the YIG, while
u .
B -ju H
X ). g 11 12 X )
B ju u H
y 21 22
in the YIG region where
wo_v .
11 22 QZ Z
" %y
a Tttt
21 12 ot -
(8)
A
&= M
0
Q= o
H Wg

<
"

2.8 mhz/oe H 4'nMo = 1750 oe
f=uw/2n
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Solutions are sought which satisfy continuity conditions for Hx
and By at each region junction and satisfy By=o at the ground planes.
At y=g the condition to be satisfied is that Hx is discontinuous by
the surface current density J(x).

We thus assume a solution form of a potential function

v = F(y) el (t7Kx) (9)
where
W o
Hx T X ’ Hy % (10)

In the non YIG regions we find the form of F(y) to be

F(y) = A, elkly B, e lkly o34 1)
while, in the YIG region

F(y) = AZ e6|kly + BZ e’Bika (12)

where

02 = M11M22 (13)

so that the basic equations (1) - (8) are satisfied. One can see that
these solutions consist of waves propogating in the X direction. We
carry 8 along in the analysis even though its value is unity by (13)
and (8) because of comparisons to be made later with the analysis for
a gencral direction of the applied biasing field.

The attempt to satisfy the continuity and boundary conditions

results first in the requirement to solvelz]

-4 -
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Fp(K) = o (14)
where
FT(K)=(cothl§|t1—l) [(1+a2)e-ze!k]d+(1_al)T]e-lK}g_(coth1§|t1+1)
[(1-aye 281Kl (100 yTre KlE (15)
and
O Tup B l%l H12
& (16)

ay =My B -t dpp

(o *tanh IK|2)

ial-tﬁﬁﬁ lKlli

Equation (14), a transcendental equation for K as a function of f,

Numerical techniques are required for its

~
[{]

is the dispersion relation.

solution. Two solution curves of K vs. f result; in one solution K is

always positive and in the other solution K is always negative. This

results in two solution waves which are in opposite directions. Denoting

LSRR 17)

K

and the solution values of K by KS’ S=-1, 1, we have that the two dis-

persion relation curves are obtained by solving (14) with (16) for

S=-1 and S=1.
(8]

Fquation (14) can also be written as




"1'5'“" ¢ e

e

e-ZIK]T

_ (l-az)e'ZBlKld+ (1+0))T as)
(rae BIKId 1 g )T
where
T=1t)*g (19)

which shows that the effects of material thickness ty and g enter the

dispersion relation only in combination.
Another useful way of writing the dispersion relation is[ls]
o 2BIKId _ (a1+tanhIK]T)(a2+tanh|K[£)
I&z-tanhTKlrffal-tanH]Kll)

(20)

The bandwidth of frequencies for which the solution of (14) can
[S]

be obtained is given by
YVHO(HO+4WMO) < £ <y (H*2mM ) (21)

Having the dispersion relation curves we can find the group

delay
_ow
V_= B4 (22)

for each of the two solution curves.
After equation (14) has been solved we can find all quantities of
physical interest for cach of the two solutions of (14) [2]. The,mag—

netostatic wave power is then obtained from (2], (3]
T

ps) - 1 f E) ) oy s=-1,1 (23)
- (2+d)

where EZ is related to Hy’ and Hx in the YIG region, by equations (5)
with (6) or (7).
-6 -
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The expression for power is found to be

p(s) o -swuy A, G s=-1,1 (24)
2 )
S
where
e BIKs1diy )|
Gs = S='1,1 (25)
3 o
l‘a‘i(' FT(}\)‘K=K
S
(T 1) K lg y o IK gy
A =Yg sinh 2|K_I¢% 1K [\ (U e'"s!8 v e 118y
S T S - S + S -85
cosh”|K_| 2 3 2 4 sinh® [K |t
sinh 2{K_{t, X Ity
) ) 2
2 2
U v
1 s 21K lg oy s -21K lg 4y_-
+ 7 {—f (7' 7s'>1)- — (e "'"s'=-1)-2 UV, JKSlg (26)

" E&Ei) T (e28|Ksld_1)_a(§)(e-zelxsld_l)_z &l 17 e “z%] s
2.— ) —"'2‘-' <
U, = (1-Q§S))e'elxsld v (sl BlK |d

) (1+a§s))e-B|Ksld . (1-a{5))TS GBIk, 1d

<3
\

=-1,1 (27)

afS) - al(Ks) , 0L§S) - az(Ks) , Tg = T(K.)

For independent conductors[d]’[lzl
] N . a.K 1 _j K P i
Jp(K) = T sinc “i’s ntVr,. e fsPi s=-1,1 (28)
S i:l ZTT 11

R R e, WRW “V— \ AN s e - — rapry~—— — . _—

LN
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For the non-apodized independent conductor case, (28) can be written
as [13], with I=1,

~ N jK pN
_ .. aK,  1-n e'’s
Jl(KS) = I0 sinc S

s (29)
T 1-n eIKP

For a truncated array of normal modes we have for the fundamental

mode (n=1)

~ N 2 a. Kp: . .
- . 1 . s£1  34n -jK p.i
Jl(Ks) by 51nc———————pi(3_n) sinc [=— - = 0 Vzli e °"s'i

i=1 1 (30)

s=-1,1
where 2, a;, Py i=1,2,...,N are the conducting strip lengths,
conducting strip widths and center to center spacings, respectively,
to account for apodization. N is the number of conducting strips and

n=-1 for a meander line and n=1 for a grating.

The definition

sinc X = sin X (31)
X
is employed in the above.

In the free space case, t = and 2=w, the dispersion relation is

o-281K|d - (a+1) (a,21) .

iaz-liiul-lj

from (20). The expression for As in the power is

Nl
wn
L%

=(T + 4 (s) (s) -
Al [“1 12 (21Kl gy 7 (e ZB'Ks'd-l)—ZBZTsuzzd‘KsI]
2

(33)

2
+Vs




The radiation resistance is then obtained from

R(S) < 4 p)) =-1,1  (34)
(1-n)+ (LemN®

In the above it is typical that the amplitudes for the wave corres-
ponding to s=-1 is greater than the amplitudes for the wave corresponding
to s=+1. Thus the s=-1 wave is the stronger of the two and is denoted
by the + wave and the s=1 wave is denoted by the - wave.

The total radiation resistance is then

R = RN+ R (35)

The radiation reactance contributes meaningfully for surface waves.

It is to be obtained from

oo

21 (£ '
X (f) = 2 f Rn ) (36)

-00

Although this integral contains infinite limits and an apparent
singularity it can be computed accurately by numerical techniques [6]’[7].
We thus find the radiation reactance from the numerical values of the
previously obtained radiation resistance.

The combination of radiation resistance and radiation reactance
then results in the complex radiation impedance.

We can now find insertion loss from the radiation resistance,
radiation reactance and by including source resistance, conduction loss,

matching reactance and propagation loss. We obtain (8]

(s)
4R Rg

108220 log, _76.4 80 At s=-1,1 (37)

dw/ 3K

2z N4
(Rg*'&n*RL) * (Xm*x L)

-9 -
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where Rg is the source resistance, RL is the conduction loss and XL
is a series matching reactance. AH is a linewidth representing material
loss and Ar is a propagation distance.

This completes the basic theory for magnetostatic surface wave

transducers.

Microstrip Model

In the microstrip model (91, (11] insertion loss is calculated
from input resistance and inpputt reactance of a lossy shorted section
of microstrip line and microstrip propagation constants. Apodization
is not taken into account in this theory. The conducting strip dimen-
sions 2> 3 and p are thus the same for all strips.

First consider one conducting strip. Here
I = si Ks vz, e K
J(K_) = sinc a8 Ve, e % (38)
s L

from the independent conductor model , (28).

For N strips we then have , multiplying by an array factor,

NKép 2
(s) sin _
(s) _ AP T s=-1,1 (39)
R - ety T
sin s
for n=1, and 2
NKSp
(s) sin _
(s) _ 4|P ! 2 s=-1,1 (40)
R = O+ Ksp
COST

for n=-1 and N cven where, P(S) is computed for N=1 in (39) and (40).

From the above and (35) and (36) we have R', R', R and X .

-10-
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To obtain insertion loss we first define

=y . RS .

R = -[i-}—z- s=-1,1

LA (41)
172

=
=

212

Given characteristic impedance ch, propagation constant Ec’

conduction loss constant oLk and conductivity o, we have, for N=1

RY.

—_ _ ﬁm

°R = (42)
cl

EC = A Vf/o / ch a

where ER and Ec represent radiation attenuation loss and conduction
attenuation loss, respectively.

For one or more conducting strips, N>21, we now have

Zc = ch/N

o = Tp/N =1 (43)
g = B1

% 7 %

and

- 11 -
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i~ Vo

it N

Lhsficre 8

-

c cl
ap = ER/N n=-1 and N even (44)
8 = BN
a. = Ec N
Total attenuation loss is then
@ = ap*o (45)

Then compute

thanhZaJLl
in‘1+c05213'll1 sech 2 o £

~
|

1

ZC sin 2 B zl sech 2 o !Ll

xin = T+Cos 2 321 sech 2 o 21 (46)
= 2 2
Zin “VRin * Xin

where Rin’ X.

in and Z;, are input resistance, input reactance and the

magnitude of the input impedance, respectively. With

[}
~

(s) =
Ri,m s=-1,1

c m c (47)

insertion loss can be expressed as

1) = 20 10g,, 4 r; R{S) 76.4 AH Ar
] 2 - W

7
Ri*Rind™ * Xyp

=-1,1 (48)

- 12 -
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where Ri is the source impedence.

Insertion loss can also be written as

.

1.(8) = 20 log, 4 R, R£S% 76.4 AH Ar s=-1,1 (49)
—=3 vl /3K

2
(R.+R _+R, )+(Xi,m+XQ)

i'¢c i,m
where o
(v
R = —
c in aC+Rm/Zc
B
X, = X (50)
2 in = g
* Xm/zc
- xm/zc
Xim™ %n ==
s
B+X, /2.

This completes the theory for the microstrip model.

Complex Impedance-Free Space Case

We here indicate the computation of the magnetic wave power P when
all physical quantities are detemmined by combining the two solutions
present. We shall only consider the free space case (2=t1=w) and the
case of no gap present (g=o). Since B=1 in the basic theory, we will

eliminate it from the equations.

We write
o™ =1y, + 5 12
ol =y - Sy, s=-1,1 (51)
TS = G§S)+ 1
NORY

(s 2N
Q
-

- 13 -
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P gt

L

and define
a_ = !
s T_
> (52)
G
= _ S
b = 3
s
The magnetic wave power defined as
_1
el [ B (53)

- 00

_d o oo
[ ./ B & ,é Brp fy, & / Br4 Fyg dy] (54)

-0 - 0

is now

P =

)

Oonsidering both solutions we have

[/ alDs E(l))(,,y( DDy / @D Ea))m( 1) H(n)dy+

f(E( D) HCD, (i))dy] 55)

Employing (5) with (6) or (7) together with (9)-(12) indicates the form

of (55) is
-d

_1f
Z)

o\ a\o 8\

(56)

- 14 -

E_;()e” KX + E (e Jle][ e *1X + 1 ()eJK "} dy
ik 3K x " ]
[E 201" + By (e lx] [HY-Z(Y)eJ 1. Hyz(y)ejxlx dy

-3 JK_1x jK,x | dy
[ 4(y)e KX« E,(y)e JKIX][iiy_4(y)e 17+ Hy4(y)e 1] }




and, upon insertion of the appropriate solution functions in (55) and

the performance of the indicated integrations we obtain the result

&. P = %’_“_o {Mg + Mg cos (K -K_{)x + j M, sin (Kl-K_l)x} (57)
where
~2
1 s G 2
e [(1+as)2 e al® @K1 () (o 21K e o
S
2
-ZIKS}aS (al(s) + a%s))d + (3 ags) éleld-al(s) eleld) ] (58)
Mg = 6 6, {(K1+K-1) (1+a_1)(1+a1)+u§1)a1(e'(K1*K-1)d-1)-afl)a_l(e(K1*K-1)d-1)
KK, | &K
v XDy Ik Pk ) ja @ KK D Pk Dk )
59
KK (5%
+ (K*K_p) (aq &él)eKefi&il) e'K-ld)(a1 &é) e-Kld—&i)eKId)}
&K
6 G, 1) K .d (-1).-K .d 1) -Kd (1) K4
M7 ='_1—K._1_ {(1+a_1)(1+al)+(:=1_1 &2 e -1 -&1 e -1 )(a1 &2 e K1 -0 eKl )
CEED ) R Ay @) KK
W o 2 al(e - - )-Ot 1 a_l(e - - ) (60)

+ (e(Kl'K-l)d-l)(&il) Kl-&i)x_l)-a_lal(e'(Kl'K-l)d-l)(a§'1)xi—a§1)x_l)
&K

Note that (57) is of the form

P = Pp+jP (61)

- 15 -




where
X ~wu0
Pr= 72— [Mg + Mg cos (Kl'K-l)"]
(62)
-, ’
PI == M7 sin (Kl—K_l)x

The results obtained reduce to that obtained earlier in (24),(25) and

(33) when the two solutions are considered separately and (50) and

the dispersion relation (31) is utilized. In this case the only terms
present in (57) are the two terms in Mg, one for each value of S, from
(58).

In general, the complex impedance is taken as

z = iPp (63) 1

(1-n)+ (L+n)N*

similar to (34) and has real and imaginary parts. The spatial average

of this generalized impedance gives the radiation resistance, while the

- spatially dependent part gives rise to resistance and reactance terms

. related to the width of the transducer in the x direction. These terms
are assumed to be of second order and have not been incorporated into

the present model.

Generalized Dispersion Relation

In this section we obtain the dispersion relation for surface waves

when the biasing field is not restricted to be parallel to the Z axis
(see Figure 1).

In the YIG region the components of the permeability tensor (7) are
[10]

now given by




r | Y

YZH0(4wM0)(sinze sin2¢ + cosze)

By, =14
11 Y2 HZ_EZ
Y2H0(4wMO) sinze
] Uam = 1 4
22 R .
Y (64)
[ j Y(4vM0)sin8 (f sino + ijo cos¢ cosh )
12 g2
-j Y(4mM_)sind (f sin® - jyH  cos¢ cosd)
Juyy =
21 Y2 HZ_fZ

These relations reduce to those given by (8) for the case of the biasing
field 1lying along the z axis; 6=90° and ¢=90°.
The satisfaction of (1)-(3) yields solutions as in (8), the ex-

pression in the YIG region being modified to
Fiy) = e IV, BlKIvep o BKly (65)

instead of (12). Here

& 2
o 2 (g™ * duyg g

i B = > >0 (66)
) gy
fi instead of (13), and
=3 My - Hy5)
b = H__1z (67)
H22

We note that b is real and that the term containing b indicates that
f, there is an additional propagation component in the y direction. For
the standard surface wave case of 6=90° and ¢=90° we note that (65)
and (66) reduce to (12) and (13) with b=o.
The dispersion relation is obtained by satisfying the boundary

and continuity conditions as before. With

- 17 -




. |K .
1 ‘3“22'31121(J Hpp * D uyp)

a =
a2_8“22+3 (J uZl+bu22)
the dispersion relation, for the case of g=o, is
28|K|d
e BlK|d (o, -tanh lKltl) (0 -tanh [K[2) (69)

(o *tanh TK[Z) (o +tanh [K[t,)

Again, for the case of 6=90° and ¢=90° equations (68) coincide with
(16) and (69) is then the same as (20).

Thus (69) with (68), (67), (66) and (64) give the dispersion rela-
tion for surface waves with the orientation of the biasing field kept

arbitrary.

- 18 -




COMPUTER PROGRAMS

A. Basic Theory
A computer program which incorporates the results of the basic theory

has been made operational on the CDC 6600 at Hanscom AFB, Ma. The program
produces plots of the various physical quantities as functions of frequency.
There are plots of wave number, group delay, radiation resistance and
insertion loss for each of the two solution waves. There are also plots

of the normalized dispersion for the + wave, total radiation resistance

and the corresponding total radiation reactance. The program also pro-
vides for print out of these quantities.

The program is designed for flexibility in that independent conductors
as well as a truncated infinite array of normal modes can be accomodated.
The case of uniform conducting strips can be handled as well as apodization
in strip length, strip width and/or center to center spacing. In addition,
the program automatically computes the relevant frequency range by utili-
zing (21).

There now follows a detailed description of the input cards to the
program which shows how to use the features described above.

Card 1 - Ho, t» d, g, 2, N, n
These seven quantities are here supplied, separated by commas. All lengths
are in meters. Colums 1-72 may be used.

option

Card 2 - first 21, Azl, 21
Card 3 - first a, pAa, a option

Card 4 - first p, Ap, p option

- 19 -
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Each of the above three cards, applying to %> @ and p, respectively,
contain three items, separated by commas. The first item is the di-
mension of the first strip. If the third item (option) is o then the
dimensions of the (N-1) strips following the first are successively
incremented by the increment (A) of the second item. If the third
item is 1 then the dimensions of the first Lﬁ%ll-strips following the
first strip are successively incremented by the increment of the second
item and the dimensions of the next £§%ll-strips are successively de-
cremented by the same value. N must be odd when the option

is 1. Note that one may use a negative number for the increment of
item 2. Also note that the quantities ll, a and p are handled entirely
independent of each other. If an increment value is o then there is
no apodization in the corresponding quantity and the option is immaterial.
Card 5 - AH, Ar

These two quantities, separated by a comma, are here supplied.

Card 6 - heading

Only colums 1-20 are used for this card. For the normal modes case,
the first ten colums on this card should contain NORM MODE_. For in-
dependent conductors, the first ten columns should contain IND__COND_.
This card serves as the top heading line on the plots as well as to
signify the program whether the case is one of normal modes or uniform
conductors.

Card 7 - heading

Card 8 - heading

Card 9 - heading

_20_




These three additional heading cards are required and will appear in

order on the computer plots under the heading of card 6. Colums 1-70
may be used.

There follows a listing of the entire computer program as it is
used on the CDC 6600 at Hanscom AFB, Ma. Omitted are the required
control cards consicting of the standard job card, Fortran compile and

execute cards and the standard control cards for plots.
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PROGRAM ROCT (INFUT,CLTPUT)
DIMENSION PROCID(3)

NIMENSTON F(1200),FM(1200),FP(1200),CAP(1200),CAM(1200),VGMI12U0),

¥PP(1200),PM(1200d),RP(1200),”M(1200),RT(1200),PX(1200),SERP(1200),

XSEQRM{1200),VAM(1200) ,VGP(1210)
DIMENSION HWFAT(2) HEACL1(?),hEAD2(7) ,HEACZ(7)
DTMENSTON FNUEO0),VM(S50)

COMMCN FLWBLL1,AL2 4R340y T1,GeSeETALENPLAY AZELT(LO),PEL(LDD),AD(4D)

X 4 LMODE

FEAD "4 HeT14CGHELIFNWETA

RZAC *,ELBEGNLELCELLELOPT

FEAD *,APFGIN,ADELJACFT

FFAD *,PREGIN,PDEL,POPT

READ #, DFLK,CIST

PEAD 10 24HFAD

READ 100,HEALY

PFAN 101 ,HFAC?

READ 101, HEAD?

L™MODE=1

IF (HEANC(1) .FQ. °*NORM MODE *) LMOQE=2
N=FN

PL=30.

DL:.‘S.

M0 41 T=1.N
FLI(IY=FLBEAN+{I-1)*ELDEL
AACTYI=AREGTING (T=-1)*ADEL
PE(TI)=PAEGIN+(I-1)*PDEL
NEL=(N&1) /2

IF (ELOPT .ENe 0.) GO TO 42

DO 4 I=NFL,N
FLI(IDI=FLI(NFL)=-{TI-NEL)*ELDEL

TF { 20PT .EN. () GC TO 44

N0 4S5 T=NELLN
AA(TI=AAINFL)-(T=-NEL)*ACEL

TF (PCPT +E7%e Q&) 60 TO 4&

0N 47 T=NFL,GN
PE(TYI=PE(NELY=(I=-NEL)*POEL
CONTINUE
FLO=2,4*SARPT(+* (R +175U0.))
FHI=2 8% (H48T7€E,)

FOFL=1.

FREG=AINT (FLC)+1,
NF=INTCFHI)-INT(FLO) -1

N 4 I=1,NF

FIT)=FAFG+(T~-1)+FDEL

IF (F{1) LT, FLC) PRINT =*,"FREQUENCIES TOO LCW"*
IF (FIMF) .GY, FHIY PRINT *,"FREGUENCIES TNO FIGH™
PR2TNT 61

FACT=1t,

TF (EYA 6T, =2.) GO TO &

FTa=-1,

FACT=(2./7ENYV =2

PRINT * ,= PI GRATING CASE"™
CONTINUF

PRINT B 14HT1,N,GeFL +ENyETALGNF
PCINT #," "FLYA H = *",DELH," DISTANCE =*,DIST
PRINTY », * ¢ L0sS IS “ 4, RL
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PRINTY Blg(T’FLl(I"aI:i,QN,
PRINT 82, (I,A0(I),T=1,N)
PRINT 83, {I.PFII),T=1,N)
PPINY 610
TF (FTA ,€Q. -1} ELL =,87*,LE~-B*EN
IF (FT“ . EN, i.) ELL=023‘-“::‘8/£N
€LL=0.
DATA PRNGID/BHSETHARES y4H3724 33 0HJo HEINBERGY/
ALl FLTIIOHPFROGID,200ss424s14
P=3,
A-‘:‘]'
AY=(,
PI=3.161527654
eG=510,
AYT = ,S%AYS (1, ~ETAYSLENN{1.,+ETAY)
UB=L ,*P TR F"?
K=1
I=1
J=1
OMH=H/1 759,
50 EF=F X}
ODM=FF/(2,R8217°C.)
U1 =1~ OMH/IOMEI0.OMHRRD )
uz22=u11
UL2=0M/ (OM**2 -QMH**2)
R=SAFTULL7UZ22)Y

t=1
3¢ TF L LEQ. 2}y GO T 2
1 S=1.
Gn 10 3
2 S=-1o
3 CONTTIRYF

AL 1=y22*8+S*U12
&y 22122 %*R~S*U1?
IF J «GT. 1Y CO 70 53
CAQ= 5% SA2TIUC2/ULL) PALCG(L 40 . *SQRTILLIL*VU22) /
Y{UL2*¥*2~(SG2T(ULL*U22)141.)%*2))
CAN=CAB/D
53 CONTINUE
IF (1 .FO. 1) GO 79 51
IF (3 .F0. 1) GO TQ 5t
IFLL EQ, 1) CAC=CAP(]-1)
IF(L €0, 2 CAO=CAMUY-1)

51 M=t
5 nNrL=,02*CAC
CROP=CAN+CEL
CANM=CAQ-UFL
CANN=CAN® D

CAND=ARS (CANN)
CANGZARSICAN®T)

IF(CACD .GT, §50.) GC TO 35
IFILCADG LG, €50,) GO 19 35
FICO=FT(GAM

FICP=FT (CAD®)

FTCM=FT (CANMY
CAL=CAN=2 . “OF LAFTCO/ (FTCP~F TAM)
TF(AS(FALY .CT. 1.E7Y GG TQ 35

“ Ty . X

-23~




19

20

24

22

€41 0=CA1%0D
CALD=ARS (CALIC)
CALG=ABS(CAL*)
IF(CA1D +GT. ¢50Ls) GO TO 35
IF(CA1G «GY. €50.) GO TO 35
FIGC1=FTICAL)
IF (ARS((CAL-NAD)Y/CAO) +LT. 4d01) GO TO 10
Can=CAt
M=M+1
IF(M ,GT,10) CGC TO 35
GO T0 §
IF (L .FD. 2) GO T0 290
CA=CA1
If (ASS(FTCY1)Y .6T. 1.} GC TO 35
IF (CA LT, 7,) GO TO 35
FP(I)=FF
CAP(T)=CA
I=1+1
L=2
GO Y0 30
CA=r A1
IF (APS{FTC1) GT. 1.) GO TO 35
IF (CA JLTe 04) GO TO 35
FM{J)=EF
CAM(J4Y=CA
J=J+1
IF (J +EN. T) GO TO 15
IF (4 +GT. T) GO TO 31
1=0-1
K=K~1
J=J-1
K=K+
IF (K ,LE., NF)Y GC TO 580
PRTYNT 6
I1=T-1
Ji=J-1
G0 7O 24
PRINY *,”ITFRATION DOES NOT CONVERGE.F= ",EF,*™ S= *,S
IF (L +cQ. 2Y GO TO 15
L=?
60 TO 2
CONTINUFE
PRINT 63, (FP(T),CAP(I),I=1,11,10)
PRINT 64, (FM(J),CAM(JYyJ=1,J1,10)
PRINT 67
00 22 J=t,41
IF (J «F0. 1) VCM(J)=5,/PI* (CAM(2)-CANMIL1))/FDEL
IF (J «F06 J1Y VGM(JUI=5./PTI*(CAM(J1)-CAM(JLI=-1))/FTEL
Y 5,/7P1* (CAMIJ+1)=-CAMUJ-1))/FDEL* .5
CONTINUE
PLINT ES5,(FMUJ)yVGM(S)yJ=1,J1,10)
FPOINT on
on 21 T=1,11
IF (Y «FQ. 1) VGP(IV=5,/PI*(CAP(2)=-CAP(1))/FDEL
IF (T .FQ. T1) VGP(IN=8,/PI* (CAP(T1)-CAP(11=1))/FDEL
IF (I 4NE. 1 JANO. I «NEe. I1l) VGF(I)=
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YS.,/PI*(CAP(T4+.)-CAP(I-1))/FDEL*,5
21 CONTINUF
PRINY R7, (FP(IY,VGP(I),1I=1,11,10)
JI=J1/72
CAMO=CAMIJD)
pe 23 J=1,J1
CAMN=CAMO=-CAM(]))
CAMN=CIST*CAMN/PI
CAMN=AMNO (CAMN,2,.)
TIF (CAMN L7. =1+) CAMN=CAMNe2,
YNMJY¥=180,*CAMN
23 CONTINUE
PRPINT AD
PRINT 88, (FM(J),VNM({J),J=1,U1,10)
S=1.
00 25 I=1,.T1
FF=fFo(1)
Ca=CAR(IY
0=2 .¥CT*EF*1,ED
M= F/ (2., R*1720,)
U11=1.=0MH/ICM*2220MH**2)
Lu2?2=uU11
U12=0M/7 (OM22 2 =(OMH+22)
R=SAFT (UL 1/7U22)
AL1=U22%8+< U112
AL2=U22*R-S*U12
PL=(T(CAY+1.) “*2* (TANKF(CA*FL 1 -CAPEL*(SECHI(CA®EL))**?2)
P2=(RPI(FA)*FXP(CA*G) ~F2(CAI*EXP(=CA*G))*=2/4,
X*(COTH(CA®*T1)Y -CA*T1* (CSCH(CA*T1))*%2)
Pz ,25% (P1(CAY** 212 (EXP(2.*CA*GY~1,)~425%R2(CA)*+2)
X*(FXP(=D,*CA*()-1,)-R1(CAY*R2(CAI*CA*G
Puz ALI* (TICH )" *2) 2 (EXP(24"B*CA*D)=1,)-AL2*(EXP(-2.%R¥CA%(0) -1,
Xl ,*P3r 22224 px(¢T(CA)
GECA=GE (CA)
oP(INV= o*un GECA *R22 (PL¢P24P34PL) /0. /CA** 2% .5
PPIIV=L ,*PF(TY
CPIIIZARSHFP(TI))I/Z((1.-ETAI*(1,+ETA) *EN*22) 2y,
RP(IV=FACT*>PI(T)
25  CONTINUE
S=-1,
no ?2¢ J=1.41
FFE=FM(J)
0=2 ,*PI*EF*1."6
CA=CAM( )
OM=CF/7(2.,2%1750,)
Ul1=1,=NMH/ (NN 2_TMH+22)
1J22=U1¢
U12=0M/ (OM** 2 -OMH22D)
R=SQRT(UL1i/U22)
ALL=U22%+S2U12
AL2=U22*2-S*U12
PI=(T(CAY+ 1V *2* (TANH(CA*EL) -CA®REL*(SECH(CA®EL))"*2)
P2=(FI(CAY* XF (CA4G)=FR2{CAVY*CXP (=CA®G))**2/4,
Y (CNTHINA*TIY-CA*T1# (CSCH(CA=T1)I1*+2)
Pz PG (RI(OAN**2)* (EXP(2.%CA%G)Y=1,)=,25" (R2(CAY* 2)
YR(EXP(~2,%"5%0)~1,)=-R1I(CAY2RD (CAI*CA*G

-25-

s - i % - -3, T RN . PRSI (S - (L T




O

26

8y

54

‘1H----------------------------

Pu:aLi'(T(Cn)‘*2)'(EXP(2.‘B‘CA'Dt-1.)-ALZ*(EXP(-Z.'E'CA'D)-i.)
Xelg *Bo8 28 (j22*CA*D*T(CA)
GECA=GE (CA)
PM(U) = o*uyn* GECA 2828 (PL4P2¢PI¢PLY) /. ,/CA**2 .5
PMIJI=L 2 PMLUY
EM(JI=ABSIPM(J))/Z ({1 +-ETAY* (1, +ETA) *ENT*2) %4,
PM(JI=FACT*PVM ()
CONTINUR
PRINT 610
PRINTY 71, (FP(I),RP(I),I=1,11,10)
PRINT 72’(FH(J)'Q"(J)'J:1’J1QE,
IF (It N€. J1) GO TO 90
0N e I=1,I1
RT(II=RPITI+RIM(T)
POTINT 60
PRINT 78, (FP(T)4RT(I),I=1,11,10)
FP1I=FP(1)
FPL=FF(I1)
captL FTRANIPY ,PX,T11,FF1,FFL)}
PRINT 60
M=NM
M=T1-1
PRINT 73, (FPUT),,PX(I)Y,I=1,M ,20)
CO sS4 I=t.M
XL=2.*PI*FP(T)*ELL
XL=YL*1.E6
L=T
IF (1 L€EQ. 1) (=2
SERP(I) = 20.*ALCG10( (4., *RP(IV/RG)/
¥ ((1.,+#(RT(TI+RL)/RC)**2
X + L(PXCI) +XL)/RGI**2))
SERP(IY=SFFP(I)-76.L*DELR*DIST/
X(2.*PI* 1. Fe" (FP(I+1)=FPIL-1))/(CAP(TI+1)=CAP(L-1)))
SERM(IY= 20.*ALO0G10( (4. *RM(I}/RG)/
X ((1.+(PT(IVY4RLI/RG) **2
X + U(PXUT)+XL)/RGYI**2))
SERM(T) =SERM(TY-76,L*CELH*DIST/
X(2."PI* 1 E6*(FM(I+1) =FMIL=-1))7(CAM(I+1)=CAMI(L-1))}
CONTTINUE
PEINY 613
PRINT 77,(FOC(T) ,SFRPI(I),I=1,M v10)
PRPINT 60
PRINT 7R, (FP(T),SERM(I),I=1,M ,10)
YMIN=3500,
szr‘OQ
YMIN=2600.
XMIN=2G00.
FREGC=, N1*FREG
XMIN=AINT(FRECOI* 100,
YX=AINT(,08“FEI)=AINT(.0L1*FLO)+1 .
FY=100.
YMIN=0.
UV:ZOCQ
Ny=10000.
NO ¢ J=1+J1
IF (CAM(JY .GT, 100000.) CAM(J)=1000080.
IF (VEM (J)Y GT, 1GI0Y VGM(U)»=100Q.
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CONTTNUE
o a7 I=1,11
IFUCAF(IY GT. 100900,) CAP(I)=100000.
IF (VGP(I) .GT. 1000.) VGP(I)=1000.
CONTINUFE
CALL FLOT(1¢54044~3)
CALL SYMBOLE,54%e84y01,HEAD,CycO)
CALL SYMAOL(,.5,Ce69e1,HEADL 41470}
CALL SYMBOUL(.%4Celaye14HEAD2,0,70)
CALL SYMBOUL(.?% 34e29e L sHEALCZH2,70)
CALL AXIS(0.e0e921HWAVE NUMBFER (¢) (1/M)421,10.997%4YMIN,CY,10.)
CALL AXTS (feslers1OHFREQUENCY (MHZ) g=154XX 40 o9 XMINGOXgl1ue)
CALL LINE(FMaCAMJ19440914XMIN,DOXyYMIN,OY,,.08)
cy=10¢C.
FALL pLOT(i‘ﬁo 'Qt v‘g’
CALL AXTC(0,y 0o
PSHGRPOUP DELAY/C™ (¢) (NSEC) 2541064049 YMIN,DY,10.)

CALL AXTIS (7, 430.9 ISHFREQUENCY (MHZ)Y 4=154¥X 40 ¢ XMIN,OXe10.)

CALL LINE(FMaUGMJT1 910062 o XMINGOXyYMINGCY,L,08)
Dy=10000.
CALL PLOT (1R, 9049~3)
CALL AXTIS (7,474 21HWAVE NUMBER (=) (1/M) 423 4910e ¢90e yYMIN,DY,10.)
CALU AXTS (e ¢0es1SHFREGUFNCY (MHZ) 4=154XX +0 .9 XMIN,OX,10.)
CALL LINFIFP,TAD, 11414091 +XMIN,OXyYMIN,DY,.(RB)
py=10n,
caLL pL’)T(ii—"-'Uco‘x)
CALL AXTS(Cevay
?SHGROUP DELAY/CM (=) (NSEC) 2591069404y YMIN,DY,10.)}
CALL AXIS 154 90e915HFREQUENCY (MHZ) g=15 ¢XX 40 69 XMINGOXyids)
CALL LINF(FPLVGP+T191,0414XMINyDOXyYMIN,DY,4,.08)
YMIN=-1 80,
0¥Y=36.
CALL FLOT(1FeeTey=3)
FALL ﬁXIS(Ous';nQZ?HNOQMAL DISFERS‘O?\ (¢} '22’10‘9‘0.’V"IN’0Y' 10.’
catt AXTS (3, .0.'15HFREQUENCY (MMZ) 3=15¢XX 90 o s XMINsCXglUa)
JJ=1
CNANTINUF
00 5¢ 4=1. 1
TF ((JJ+J)Y GT,. J1) GC YO 7
FNLJI=FMLJI+ D)
VML JI=UNM L U+ )
IF (J 70, 1} GC TO 65y
TF tVV(JY LLE. VM(JU=1)) GO T3 59
G0 YN 57
L CNTINUFE
Je=Jd-1
CALL LINE (FNGWMGJU290 4001 XMIN,OX YMIN,DY,.C8)
JI=JJ+2 7
TE Ot (JJ*1Y JLE. JL) GO T0 S8
YMIN=1,
0Y=30.
oo 27 1=1,T11
IF (RF(I) GT, 300.) RP(I)=3010.
IF/RP{I) .GYe 20004) SP(I)=27000C,
TONTINUE
CA'.L "'L')T(‘J\.vﬂu-”
CALL AY TS (. o5 e927HRAD, PES, MINUS WAVE (OHMS) 427410990,

-27-

i NEE DY R A I VY ST O . T T o




3 Ty

"(_! ".;-

28

92

a3

X YMIN,DY,10.)

CALL AXTS (Ng 406 ¢ 1SHFREQUFNCY (MFEZ) 9=154XX 40 o9 XMTN4CX»10.)
CALL LINE(FP 4P 411419041 ¢XMINyDXyYMIN,OY,,08)

00 28 J=1,J1

IF (RMUJY 6T. 330.) RM(J)I=302.

IF (PM(J)Y 6T, 2C00.) RM(J)=2300.

IF (RTC(JY .6GT. 3006.) RTLJU)=3IIC,

IF (RTCYY GT. 2000643 RT(JI=2300

CONTINUF

CALL PLOT(17440.9=3)

CALL AXTS (N, ,0.427HRAD. RESesy PLUS WAVE (OHMS) 4279134990
X YMING,OY,1U,)

CALL AXTS N4y 00y ISGHFREQUENCY (MKHZ) y=154XX o0 4«9 XMIN,DX410.)
CALL LINF(FM,PM,J1,1,40,1,4XMIN,OX,YMIN,DY,.08)

Catl FLOY (17 asles=3)

CALL BAXTS(0es(ess22HRAC, RESs TOTAL (CHMS) 4224106y 0.y YMIN,O0Y,10.)

CALL AXIS (0.40.91SHFREQUENCY (MHZ) y=154XX 40 49 XMIN,CXy10.)
CALL LINE(FP,FT,11,140419XMIN,OX4YMIN,DY,.08)
T1i=M

Ji=M

YMIN=-10000.,

YMIN==250,

py=20C00.

DY=%0.

00 92 1=1,71

IF (PY(IY LT, -13000.) PX(T)=-10000.

IF PYX(I) LT, =-250.,) PX(I)==250.

IF (PXC(TI) T, 13)00.) PX(I)=10000,

IF (PXCI) GT, 250.) PX(IV=2¢0,

CONTINUE

CALL FLOT(17ov001‘3,

CALL AXTS (0.9 (e922HPAC, RFAC TOTAL (OHMS) 422,104,970 ¢y YMIN,OY,10.)

CALL AXIS (N6 s0e91SHFREQUENCY {(MHZ) y=15,XX 40 69 XMIN,OX,y104)
CALL LINE(FP,FPX 4T11,14C91¢XMIN,OX YMIN,DY, .08)
Do o3 1=1,11
IF (SERP(IY LT, =-80. ) SERP(I)=-80,
IF (SERM(IY LT, =60. ) SERM(I)==-80.
CONTINUF
YMTN='8qn
0vy=14d.
CALL FLOT {16 s e Dee-2)
CALL SYMRBOL(,.% 44841 4HEALCYI,20)
CALL SYMRNL(,%,G.b4e 1+HEAD1,43,70)
CALL SYMPOL(.S,9.4941,HEAN2,0,70)
CALL SYMAOL(,5499,2,441HEAD3 03,70
CALL AXTS(0.40e426H=INS. LOSS,MINUS WAVE (0OB) 426, 2,4490.4YMIN,
X NY,10,)
CALL AXIS (e +3¢+1S5HFREQUENCY (MHNZ) 4~154XX 4049y XMIN,OXy10,.)
CALL LINF(FP L SERPyT19190914XMINyCXyYMIN,DY,408)
CALL FLOT (1F.esdes=3)
CALL SYMBOL(.%",9.8y.1,HEAN,{,2D)
CALL SYMPO[L(,5494€401yHEAD1+2,70)
CALL SYMROL(,5,S.,Ly14HEAD2,10,70)
CALL SYMBNL(,5,9,2,41,HEAN3,0,70)
CBLL BYTS(0.0"es26H=INS, LOSS, PLUS WAVE (DB) 420y 84,9504 YMIN,
Y DY,10.?
CALL AXIS (Mg ¢Ney 15HFREQUENCY (MFZ) y=15¢XX 90 e s XMIN,OX910.)

-28-

4 ; IO C WE DRRRy o ARG 3. RATPAG O - [ G




CALL LINE(FM, TFRM T 91e001 s XMINSOXyYMIN,OY,,.38)
CALL ENDQPLT
sTeP
90 PPINT 76
sSTne
60 FCRMAT(1IH1)
51 FOIMATLSA ™ H=z “,E15,7/5X," Ti= “,E15.,7/5X," 0= “,E15.7/
X5Y,™ Gz " F18.7/5X%X,* L= ",E15.7/
XE5X 4™ Nz G E1E . 7/5X"ETA="E15.7////9%"NO. OF F 'S ARE *,15)
62 FOPMAT(//1CIEF1E,57))

83 FORMAT(//7/750X "S=1"//7 (10X "F= "y E15.74,10X"K (=) = *,£15.7/))
(XY FOQHAY(///E;“XQ“S:'1“’/(1DXQ“=: “QElS.?,i‘,Xg"K (4‘) < “'615.7/))
66 FNOMATI///7U10X,"Fz= “3E1E847,11X4"F (=) = “4E15.7/))
67 FNRMAT(/77800X 4 F= " 4E1547,10X%X,"F (+) = *,F15.7/))
66 FORMAT(///75X,"L1= “yEL18¢7/5X "4z "G ELE.7/5X"P= ", E15.7/
XS XeT02 ™ F15,7/5%y "Nz “3E15.,7/75%,"ETR= *,E15.7)
71 FORMAT(//7/7C10Y %F= *,E15.7,19X,"RAD. RES. (=) = Yy E15.7/7))
72 FOPMAT(//7/7(C1CX4"F= " 4E15.7,10%,"RAD. RES. (¥) z Y L,E15.77))

73 FORMATU /Z/7010X,™F= "3E1547410%X"RAB. REAC. TATAL= “4E15.7/7))
75 FORMAT(//7/7(L10X,"F= " 4E154,7,13%,"RA0. RES. TOTAL = *,E15.7/M)
76 FCRMAT (™1 A& K ROOT EXISTS FCR CNE WAVE ONLY ™)

77 FOOPMATL// 140X,"F= "“,E15.7,10%X+"INS, LCSS (=) = ",E15,7/))
78 FOIMATL//7{L0X,"F= * E15.7,1LX " "INS, LSS (+) “WE15.7/))
AL FOPMAT(/Z7(4 %Y, L1", Tu,y )= " ,E15.7/1)

B2 FOPMAT(//7C10X 4" AlM, T4 "}z "yE15e7/))

R3  FORMAT(//7 (10X, PU™, Tu,")¥= ", E15.7/))

85 FOIMATL/UA0Y " F= “,€165.7,10X"GROUP CELAY f¢) = “,E15477))
a6 FORMAT(*™ F= “,E15.7 " NORM QISPERSION (+) = *,F15,7)

87 FORMAT(™ Fz  “eEiSe7," ARQUEP BELAY (=) = "4715.7)
102 FORMAT{2AtD)
100 FO2MAT(7A41 1)
101 FORMAT(7410)

£ND

(]
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FUNCTTON SECH(CA)

COMMCN FL,ﬁLi,ALZogyC’Tlpc'SvETAoEN'PyAY.ﬂ
IF (CA JLF, 7.0.) SECF=1,/7C0OSH(CA) :
RETURN
END

FUNCTION TSCH(CA)Y

CNMMON EL yAL1 ,ALZ48+0+T14G9S,ETALEN,P,AY,A
St H=G.

IF (CA +LF, 740.) CSCH=1./SINKICA)

RETUFN

ENT

: FUNCTION COTH(CA)
k> - COMMCN FL o AL1,AL2,3,0sT19GsS,ETA,EN,PAY,A
GOTH =1./TANH(CA)
RCTUPN
END

FUNCYTION T {CA)
COMMON FLLALT ,AL24TF90+sT19GySyETALEN,P LAY, 2

T ={AL2+TANH (CA*EL))/ (AL1~-TANH(CA*EL))
PETURN
END
. 1
|
V- FUNCTION R1(CA) }
- CNMMON FL JALL1,AL2 4R340y T14G9SsETALEN,P,AY,A
N R1 Z(1.-AL2)*EXP(=B*CA*0) + {1 ,+AL1I*T(CAI*EXP(:*CA*D)
" PETURN ‘
. END }
o |
- 4
5 ‘
'S
A FUNCTION R2(Ch)
‘ COMMON FLLALL,AL2+340,T19GySsETALJEN,PLAY, R
o R? =(1.,¢AL2)*EXP(=R*CA®D)+ (1. -ALIV*T(CA)®EXP(E CA*C) :
RFTUPN {
END i
> '
(g
3 FUNCTION FTICA)
: COMMCN EL GALL,AL24R gDy T14GyS,ETA JEN,FP,AY,A
FT Z.5%* (ICOTHICA*T1)-1,)*R2ICAI®EXF(-CA®G) *EXF(-R*CA*D)
. X=(ZOTH(CA+T1) #1,.)*R1 (CA)*EXP(CA*G)*EXP(~-P*CA%*D))
i RETURN
. END
)
!
Lt
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FUNCTION FTL(rA)
COMMCN FLvALi|AL2|qvDvTi'GOS’ETA’EvathvA

FTV =FXP(-F*CA*N)* (R1(CA)*EXP (CA*G)=-R2(CA) *EXP(-CA*G))
X*S*TI¥(CSCHICLI*T1))**2
FI1T2=

X-S*CrEYP(~0:CA*D)* ((CCTHICA*T1)+1,)*R1(CAI*EXPICA G)
Xe(COTH(CA®TL) -1, }*R2(CA)*EXP(-CA*G))

FIT®=
Y#Z.‘°'S‘0'F¥P(-2.‘3*CA'D)*((COTH(CA‘Ti)#i.)'(1.-AL2)
X* EYP (CA*G)=(COTH(CA®T1)=14)*(1,+AL2)*EXP(-CA*G))

FYTs=
!+S'EL'(AL1+AL?l‘(SECH(CA‘FL)“Z)/(ALi-TANH(CA'EL))"2

FTTA=
X ((”OTH(CA‘T1’-1.)‘(i.-ALi)'EXP(-CA'G)-(COTH(CA'T1)41.)
X* (| ¢AL1)*FYF(CA®G))

FTTY=FTTR*FTTF

FTi= E* (FTT+FTT24FTTI+FTTW)

FETURN

END

FUNCYION SINCI(CA)

COMMCN "L, AL1+AL2 434D 071969 SoETAVENIPJAY, A9 ELLI(LE) PE(LU) 4AALGD)
PI=3.14 1597054

SINC=(SIN(PT*CA)) /(PI*CA)

PFTHRN

END

FUNCTION GAY({TA)

COMPLFX C,CS

COMMON FLoﬂLi9AL20300971'GOSvETAOEvavAVvoELi(QU),PE(“O’,AA(QU)
X4 LMOD®

PI=3.1415926¢4

N=FN

C=OMPLX {47, )

00 1 I=1,N

CS:CMPLX(COC(CA'I‘pE(I”D'SIN(CA'I'pE(I)))

IF (LMODF .FN, 2) GO TO 2
r=C*SINCt.E'AA(I)'CA/FI)‘FTA“I‘SQRT(EL1(I))'CS

60 10 3 ’
CONT INUFE
C:ﬁ#SINC(?.‘AA(I)/(PE(I)‘(3.‘ET“’))‘

XSINC((CA®OF(T1%,6/PT)  =~,25 *(3,4ETA))*ETA**+5Q"
CONT INUT ETA))*ETA®* I*SQCT (ELL(ID)I*CS

CONTINUF
GAY=-CARSI( )
RETURN

END

s

FUNCTION GE(CA)
COMMON EL 4 ALY AL24By0sT1eGoS,ETALENIP LAY, AL,ELL1(L0),PE(LD),AAC(LD)

G = ARS (GAY (CA) ®EXP(-3*CA*D) /FT1(CA))
RETUPN
FND
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SUBROUTINE HTRAN(R X ¢yNFBEG,FEND)
DIMENSION R{3),X(3)
PI=3.1415%26%135¢
FDEL=(FTND=-FFEFG)/ (N=-1)
F=FREG+ S*FNFEL
ING=M0D (N, 2)
NI=N+INC~-1
NMi=N-1
NIM2=z=N] -2
NN 33 I=1,NMy
X(I)=0.
IF (T JFQ. 1) BX=(3.%R(1)+6.%R(2)=-R(3)) /A,
IF (I FQ. NM1) RX=(=R(N=2)+6,*R(NM1)+3,"F (N))/8,
IF (T +€0. 1 «0ke I oEQ. NM1) GO TO 20
RX=(=R(I=1)43 ., *R(I)+9.*R(I+1)-R(I+2))/16.
CONTINUF
FI=FagG
00 28 IP=1,NINM2,2
YC(TI=X(I) ¢4, 2(R(IPe1)Y-RX)I/(L FI¢FDEL)®*2-F**2)
+2.,¥(R({IP DIY-RXI/( FI *22-F222)
FI=FT¢2.*FOFL
CONTINUFE
FEN=FEND
IFCINC «EQ. G ) FEN=FENC-FDEL
X(IV=X{I) 4 (C(NI)=RX)/(FEN**2~-F*22)
=(3(1 )=RX)/(FREG**2-F*%2)
X(TY=FDEL/2,*¥(])
TF{TNC +F0.1Y GO TO 30
XOII=XCI) +S*FDEL*((RINIV=RX) / (FEN®*2-F** )
+(CI(NY=RXY/ (FEND**2-F**2))
X(I)=2, /7P T*F*X (T)4RX /PI*ALOG
(01 ,-F/FENDY /(1. ¢F/FEND)*(F¢FBEG)/ (F-FBEG))
F-F+FNEL
CONTINUF
NM?2=N=2
X1=(165,2X (1) =1N,.*X(2)+3.,*X(3)) /8.
X2=03.*X(1V4+E,*X(2)-X(3))/8,
no 31 T=T4NM?
XT=(=Y{1=2)4S . *X(I-1)+9.*X(IV=-X(I+1))/16.
X(I1-2)=¥1
X1=%2
X2=XT7T
CONTINUF
Y(NI=(15,*X(NML)=10c®X (NM2) 43, *X(N=-3))/8,
YIN=1)= (34*VINMI)+5,*X(NM2) =X (N=-3)) /8.
Y{N=-2)=X2
X(N-3)=X1
PETURN
FND

.




B. Microstrip Model

A second computer program incorporating the microstrip model has
also been completed for the CDC 6600 at Hanscom AFB, Ma. The physical
quantities graphically displayed by this program are the wave number,
group delay and insertion loss for both solutions, normalized dispersion
for the + wave, input resistance, corresponding reactance and the
magnitude of the impedance. Print out is provided by the program as
for the basic theory model.

Note that apodization and normal modes are not permitted here and
that additional input constants are required. Thus the use of the input
cards are modified from the basic theory program by the following:

Cards 2-4 - The increment values are always o and the option values

should be o.

Card 5A - ch, BC, o, o

cK
This is a new card to be inserted between card 5 and card 6. The

indicated constants, required by the microstrip model, are to be
inserted here, separated by commas.

Card 6 - colums 1-70 may be used. The first ten colums should
contain IND COND .

The listing of the entire program, except for control cards which are

the same as for the basic theory program, now follows.
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n.3rciM SA0T (INSUT, CLTPUTY

FTMTNSTAN DSAnTR(7)

CITMIRUTON TLATAT GFM(4200),FP(1207) ,CAP2230) yCANMILZOU)S4VEMILI2L0),
TOLI270N) DML 20G0) WP (1200) W RMU1203) GRT(L12.0)4PX(LI39),SERP(L2.0),
UML) GUNM (12 10) GVUGP L1220 WRN(L200) 9 XN(12G0) »7M(1200)
TOMONSTAN HEAT (7)) 4HE BC1(7)RZLED2LT) 'HEADS(7)

TIMIENTIAON ENC D) S VMLED)

COMMENM T GAL LV AL2 373 DeTLGe S ETAZENGP LAY, AVELL1(40),PE(LD) yAR(-D)
AN

TIAT My HeT1,0 G ELIENLETA

y TLIACANLELNFLLELOPY

)
1
»

10Ny H=r 37

STAL =, LRICTN LTI, LOFT

£EAT S, PACATN,PLIL,POFT

Frac 4, PELHPTSY

2717 70,970 ,ST5,ACT

Sramgpco,afac

TAAT It WTAR

LOAS 4T MTFAC,

!

TTOKEAT(L) LT, NORM MO3JE ) LMODF=2
ISR

TTL TN

ST TY TR T T ) FLDEL
BLLTYIATTTMG (T-1)2ADL
COTY-D T AT T -1 )*O0FL

Mo - Me Yy

ITTLNeT TN, vl €0 T L2
L T TENTLGN

TrA(IIT L YUINFEL Y- (T-NEL)*ELNEL
T ANTT LT, () G0 TO we
YLl T=NTLWN
ALEOTYISALONTLY - (7=-NT{ )*ACEL
17 H(FErD T L EY . T G0 TO wn
~roLT TI=NTLWN

"I =P - (NTLY - I-NTLYCPOEL
“enT Tt

FoN-T TR LS (4417 5,,))
FRT D, e e T :

coote e

.
VT ATT (T My,
MEETNT(THT)STAT(FLN) =1
Ol TN

A T N A AR =Rt
TP LYY WLTe FLNY PRINT *"T3IZQUENCIFS T0C LCW™
TEOLEINEY LT, FMIY PRINY 2 L,"FREGUENCIES 120 HIGH"™

T -4
.
TPOCTA LATL sl 60 T0 b
Fraaq,
R R
BOINT s, BT GRATING CAST™

rroaTTaege

CUTHT S 4 H, T,

ERRRN s Ny 2 TAGNF

‘9 *
TOTRT Ot UTUTS B s ML UELH, CISTANCE =7,0IST
©~ r,— 5 o JvrM: v':) "Q?IG
TOTMT sl (T T (D) T =14N)
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OoTINT 24 (TLLLITY 4 T=1,N)

PEINT 27, (7,07 (T),1=1N)

OD-TNT & *

TE 4T TA ,Or =14) TLL =e37" ewE-6%EN
TE O(FTLE JFT, 1) ELL=z.23%.L5-8/EN
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A

b
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N o102
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BL1-y22 e 002
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TEJ W57 Y 0 TG B3

FAN= (2= CN2TIUT2/UL1)*LLCGIL .+ 4. *SORT(LLIL1U22) /
Y (UL Z**2 =037 T (111202241 ) %=2))

cea=rany/r

FONTTRY S

e -

o
+ ‘

. . 1Y ~C 70 51
TF) T 1) G0 TD 51

TEOL LT Y TAC=CAP(I-1)

TREL G20, 2y TRN=CAMUJ-1)
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AACR L

v ’P'

TTOEMETY ot ) FN(TY=T,

Te ATNETY T, sule) SNUIN=3).,

TEOUTVUTY nTL Ly /MUY=,

- AT Ty

a-.'.'. TLﬂT(1-~,,f‘.,,-‘{)

CELL 2YT 47007427k INPUT 2ESISTANCE  (OHMS) 427,134,934,
o vHMTR T Y )

CLLL YT e e, 1SRFLEQUEINGY (MB7) e=15, XX 1J ey XFINGCOXy1 uW)
CILL LTMOMFET  TNG T 14200414 XMINGOX JYMIN,OY,.0¢8)

CILL TUDT Y ey =)

TALL AXTT L 0, 27K TMPETANGS MAGNITLDE (QOHMS) ,2 1104920,
COYMTRLLY Gl LY

CaLL avie e sl ey FHFTERQUINGY (MHZ) +=15,¥%X 1Jd ey XMINZIXy20,)
UL LTHT I M 101 90 0L o XMINLOX 3 YMIN,DOY.,0¢E)

YMT M=o

i_‘V:'—'ﬂ'

LS4y n - Y—:.Yl

TEOAYMETY T =2%54) XNUI)=<-250,
TEO(XYNETY 7T, 273 XIN(T) =250,

€2 AT TN

S :L"'T(‘_.o-'}-g“’)
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FALL ANTT (7a 6 1o s Z2HTINPUT ST ATTANCT (CMMS) 22,1049 LeeYMIN,CY,13,)
CRLL XY TT 0, 00 1R FREQUINTY (MHZ) 4=154 XY 5309 XMTIN,CXy10,)
TALL LINE R YNGT1 4197310 XMING DY 3 YMINLOY,408)

TNl T T4 T

IF 17ESD(TY L Lhe =t 0. ) STRA(IN=-8u.

TEOALEIMALTY LT =c 0. ) SEAM(I)=-8,
ShoroNTTANNT
VMT Nz=D N,
V=19,

~eL .’“|_”"(1,’-.,'}.'_2‘)
TILL TYMPOL(,7 ,Ca240 1, HEATN, T,y 0)
SALL TYMENL, T Cabye 1 HEAT L 4 ), 70)
TALL TYMAALL L, T4 Ca e 1WHEATDT 41 70)

TLL TYMECL A, T e ?s e 140HEANT, 3,72)

TULL BY TN, LT 4Z2eH=-INS, LNTS MINUS WAVE (DP) 420y EeyS0.sYMIN,
Yoo 3v,10,)

COLL Y77 (0 aaMeg iBHFTFEQUTNECY (MM7)Y 3=33 37X 43 e oYM NGIXY21J,.)
C2LL LTNEA(ED 7o R0 T2 314091 eXMIN,DXy YMIN,Y,y,404)
CALL FLY 127 Ly iay=T)

s Ryl HFAD L 70)

TLLL TVYMTAL, Ty ecee 10HIAT1,43470)
TLLL TV, iy T aeae 1WHEADZ 41,70
TALL TV O, a3 Ta e 1 HEATT,1,72)
TINL AY TSN, s Te s 2nH=INS, L0535y PLUS WAVE (DR) ¢2hy LesSOes YMIN,
Y.oova1la)
Pﬁ‘_l e SRS | o-'ovlun:E')UCNCY (MHZJQ‘iliQXX QOOQXM.NQDX'lut)
TALL O LTNT(CM TIOM T e Dy L XMINGCXy YMINGTY,405)
“ELL eNTELT
~=nn i
~n OoTTNMT T
TTNAN .
S FROMATOLMY)
[ TOATMATLTY (* Hz ", T18 (7/6X " Tiz ,E15,7/-¥,* D= *.€15,7/
NTY LT T M EIT LTSN L M, RL5.7/
b

T/ /77X 0NN, OF FUIS AFE “,15)

-
~R r-yu'?nt(.‘ C
r

YIN G s M FUT T/, MET A, T
cL TETMETS TR 5/))
PTOFNEMATC //CTY G2l /LN M ELE 0T, 10Y LK (=) - MLELELT/))
Ca EODMETL///E N TSI/ /010X TFE M e ELS. 7510 XK (#) = TG EL5 .7 /)

e FATMATHL//7ELIY S YF= M g215,7,00%"P (=) = “,E15.77/))
7 EOTHAT( 7TV GTE T MG FLS T LIX,YF (4) = Y, EL5,7/))
b FRISMLET( /7Tl U E15,7/75X ¢4 "gEiC.7/75X ™Rz M,E15,.,7/

HEN LT s e Fe T 757N 15,7750, YET A ", EL5,.T7)
Pl FETTMAT /7 CLCY GTFE My E e 7,13 RaD, RIS, t-) = Ty ELT LT/ ‘
TOOOENTMAT(// /(LY R My R, T, A0, RA0. RES. (#) = U L,E15.7 7))
THROOFCIMETL /00 VUTF M Tl e Ty LiX"RAC, REAC, TOTAL= ",Z15.7/))
TEOENIMATL/ /7N TFT a1 .74 1% "FAC. KES. TOTAL = ",E25.7/))

s

FrewaT ¢ 2 K GNNT EXTSTS FCR CNE WEVE ONLY™)
FOIMAT(/ /01N Tz UL RIS, T X, INS, LCSSE ()
TOTMITH//TIY T2 i T15,701(Y 4" INS, LCSS (+)
EOTHAT// LY UL (T, Tu ) s MG RLB .7 /))
FOMATC/ 7L AT Tue MY W CS15,7/))
EAIMATL/ (L X" PU Tuy")= " F15,7/))
TPIMETL/0ANY " Fz "ef15,7,1(X,"GROUF DELAY (*) = ,215.,7/))

~

“JEL3.7/))
“eel3.7/7))

-

FYIEL S e S B B B Y |
FIEE A VIR

P

cRIMeT " TeF LS. T4 NOPM NISPERSICON (#) = *,715.7)
CrTMIT (e Er el W7, T20UB CZLAY (=) = *,:15,7)

.z’ { Ve

i s FAasSMp > (a0
¢ Fagm

L 3

1
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FLUNMCTTAMN SETHRICA)

FOAMMEN “L AL 1,3L2439C0T196GaSe2TRAWEN,PLAY, A
LTCH=C,

I7 (T8 JL:e 7wle) SECH=14/CNSHI(CA)

STTHEN

N Ne)

’ CUNCTINN CSTHIGR)
CAMMON T GBL4 G812 433, CaTL1yGaSoETALEN,PLAY,A
NI E-
TEOUCE L. Tuf.) CECh=1./SINHI(CA)
TITHEN
."\!"\

- CoNCTION TRTHICH)
- SAMMEON S L WAL 1 8L 2,3,0,T1959S4ETAZEN,P,AY,A
3 rfeTE oz /TINK(CA)
* TITUEN
N
FUNPTTANM T("4) :
FOMMEON TL G ALY AL e3¢ N T1eGeS s 2TAZENLPLAY, A :
- S(AUP+TANH(CA®EL))/(ALL1-TANKICA*ELY) ;
TETON
onP
i FUNCTTON T9(02)
) FAMMEN L ALY L AL? 33,0, T1,59STTALEN,?,AY,A
, o (4 Bt D) YP(-BYCA*N) ¢ (1e+ALLI*TICAY*EXP(T*CA*D)
o crryeN '
N7
-
| > FUMITTON 22(01)
> COMMCN FL B 1,AL2430eT1,6,S,ETALEN,P,AY,A
¢ =2 {1,480 ") *CXO(-Z=CA*D)+ (1, =AL1V*T(CAIY*EXP (R CA*D)
OCTHEN
. TME

TUNTTINN €7(CY)
COMMON TLGBL 1 AL243eNaT1,G9S5,3TAWENIPWAY, L

Bk

) FT TR THICAR T L) =1)*R2(CAISEXP(~CA*G)*EXF(=-B*CA*]) ) ;
' Ye (rNTH(OCAT4 Y42, )*01 (CAY¥EXPICA*GIPEXPL-2*CA*D))
O TN ;
. M

asie B
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TUNTTION TAVO A
SoMPLTY €, 07
€ AMMAN erAL1~AL7v113'710Q'SOfTAongvavrA'ELi‘EQI'pF(“:’qnn(-g)
Y, Lmnr”
07z X, 1,15372F¢
Nz =M
£ N> ORE, TCC, Tx FIRSY CNMOLTEG AT FOV M=1. IT TS THEN
MULTTOLTSL Ay CANTARE f0C CTA =L AND RY ANOTRE R FALTCR FCR ETA=-1 AND N
TYENL, AODSITACTON TS ONQT OREEMITTEG.
NTL
(ST A L RN
O TN
FoLTMTLYLCNT(rR T OF (1)), ~STH(CASI*PE(INY)
TE (LMONF TN, 2 A Te ?
P-CaSINTE S AR (T LW/ # TASATSSARTLELL(IND* (S
T
SRR U
P AT TN, ANV ELTYIS (S - TAYYY S
MO ATDRtT Y=, 5/0]) . 20 T LeETA)I*TASSTI*SQFT(ZLL(TINY"CS
rrul"):lgr
f“ll!"Y}\U.-
e AER A IS AR ]
€ TYLN
[Nl

CUNCTTINN STNC (CA)

rNMMNN rL.ﬂLi.ALE.“,C;Ti,GcSvFYAvFN'°sﬂY-A'FL1(~J).PE(QC).AA(~LI
0Tz ?,0L18070 €L

CTNL IS IN(ETACA) ) /(PI*CA)

RITOEN

(o3}

CUINCTSNN €72 (FA)

COMMON TL AL 1 4EL 243404 T1 9N CelTAZAN,P,AY,A

M TUVE(-c4CAMD) F(RL(TA) A IXPHCACG)I-R(CR)CEXF(-CA®G))
CACE T ("SR eT ) )80

C-LAORIXO -0 (AR ) ((CATH(CAMT 1)1,V *RI(CL)®EXP(CA G)
YelTCTRICACT ) =1 ) *RP(CAYITXOL-CARG))

£y 7>
Y42,23°53002FV0 (22, 208C L) ((TOTHICA*TI) 41, 1%(1,~AL2)
VIEVO(OASO ) AT (LA T 1) -1 )2 (1, +AL2)*EXP(-CA%G) Y

FTT 52
Yol 2T o (AL UL 2V (SECHICA®EL Y 2) 2 (ALL=-TANH(CA®EL))**2
F1 7,2

X GUCCTH(OARY 1) =2, )% (1.=ALL) * XO(=CA*G)=(COTHICAST ) ¢1,)
YE (1 . 40L 1YV~ ZYO(CA%G))

FTYT 42773407 Tc

CTL T fP(FTTsETIT24FTTI4FTTy)

crTHOM

“NOY
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LUGECLTINT HTTAN(E Y N, FAF5,53N0)
PTM-MCTON 20T) 4 X (3

PIT T 1L1IRT 2R 25¢

FToLl=(EINMI-rE"6)/ (N~-1)

FoTofrfy ,C~FRF L

TNT=MOT (N4 2)

NT=NeINT-1

MM =N e

NTMD=NT =2

TNOTE TNy

X{11=",

TE AT L0, 1) RX=(3, ¥R (1) +54*RU(2)=-R(3)) /F .,
TOOAT LF0, NM1) = (= (N=2) +2,*R (NM1I43.,2RK (N))/E.
IT AT LEh L 1 WNE. T LZGe NM1) GO TO 20

EXE (=T (T=1)47 2P (T)43 ., #RIT+1) -R(I+2))/16.

ANT TG

Frararg

"N PR TozNTNR,2

YOI =Y (T ea,” (2(IP+19=°OX) /( ( FI+FCEL)**2-F**2)
¥ 42,7 (e (IP  )-FX)/( FI *42-Fra2)

FIleFIe2 *Frey

fCONTTMUS

FoMN=FEN

TEOTAT L. T ) FENSFINL-FREL

Y (T)=VY(T) e (T (N])=FX) J(FFEN**D2~F2~ 7)

v -1 ) =RY) (FEER®*2-Fre2)

ALY FE T/, 0V (])

IT(ETNG L Er L) G0 TN 3

YATISV Ty s T 2FN s ((RANIV=-RX)/(FEN**2-F* 2)
v S AN ) =Y )/ LFEND*22-Fe®2))

Y{TY-" /P 1*C*Y ()4 X/FI*ALNG
¢ Lt =F/F NT)/{1.4€/FENDD (FHFREC)/ (F=F2.G))

F-C4+FT ¢

CAMT YAy

NP ZMaD

YAz (17,2 (1)1 =-10,*Y(2) +3.*X(3)V) /5.

YOS (T (Ve 2XU2) =X (3))/E,

~A T4 T2 T M

Y o (=Y (T=2Va o x(1=1)+0,*0(1)-X(I+1))/1E,

Y(T-2)-vV4

Y. -v-~
Yy "o X"
TONTTNY S

Y AN T, *XUINMTI ) =10 ¥ X (NM2Y+ T, *Y (N=2)) /¢,
VAN =1z (22X MMV 4R, *X (NM2) =X (N-3)) /R,
Y(M=2)2yD

X (NM-7Y= Y9

ToTHrN

e

TUNCTTAN TN

CAMMEN S AL L AL2 3230, T1 9505 ETA GEN 4P JAY Ay EL 1(w0)y FE (4D 4 AA(LD)
o AT (GAV(CAY *EXP(=3*CAD)/FT2(CA))
DT DA

TN
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C. Generalized Dispersion Relation

Another program has been implemented on the CDC 6600 at Hanscom
AFB, Ma which solves the dispersion relation problem for surface waves
including any arbitrary orientation of the biasing field. Computer
print-outs and plots of wave number, wave length and group delay, as
functions of frequency, for both + and - solutions, are provided by
the program.
The input cards to this program are:
Card1 -H, t, d, 8, &, ¢
These six quantities, separated by commas, are supplied here. The
lengths are in meters and the angles are in degrees.
Card 2 - first £, Af, number of frequency values
Here the user is to provide the first frequency value, the frequency
increment and the number of frequency values to be considered, all
separated by commas. The maximum number of frequency values per-
mitted is currently 500. Although the program could compute the
frequency range itself as in the other programs it was left for input
to provide flexibility.
Card 3 - heading
Card 4 - heading
Two heading cards for the graphs are here required. Colums 1-70 may
be used.
The listing of the entire program, excluding the standard control

cards, now follows.
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e

s
fa ¥a

L

-

ok

HT-Q nrf THET2=Qy JFG emwecceme=-= SUSFACE HWANVTS
DONLIAM MOLMETNFUTLZOUTPULT)
PTMTASTON FSRGTIL(3)
ATUMIMETION FIUS 1)Y,FP(571),FM(511),CAP(E01Y,CAM(5( 1)
NTTMINITAN HTAT1(7),HEAD2 (7))
X WWMAP(EN1) VEM(E0L),ELAP(S01) sELAM(EUT)
FOMMEN Py L, T S, CAL1,AL2
FPAC * H TH D THET,,FL4PHI
SLAL 2, FROGGFTEL GNF
FEAD 1NN, HF2TY
TUAN Q5T 4HFANR?
PCINT £
P-TNT f14HaT1L Py THET 4EL 4 FHI
PCINY &0
NITA PENGTC/AHSFTHARES,,LH2587,10hJe REINBFFG Y/
CALL FLTYNPEOCTI0N,1006912e91 )
TRoWh Tt W N
FLIY=FarGe(T=1)*FDFL
PT=T4L1862 5.
THST=THTT PYT /R0,
OLT=FrI*PI/YEC,
CM-1788,

raMzp,
TusrRAM® 28 OM
W4

J=1

Fr=F (¥)

TN (GAM*H)* D -FF4aD

”‘:(‘,Ay#t‘ﬁ‘ [

Y =TU/T0 (CTN(TRAETY )R * 21,

U¥YY=TU/Z TP ((STN(THETYI*SIN(PHIN) *#24 (COS(THET) ) **¥2)+1,
UXYYY=ze? - T 2T OSCTHFET)ACOS(PHII® STN(THET)
DYYYYT="2/7)rc IN(THETI*SIN(PHT)

T MzXYYY "2 "e 2 YXX*YYY

T'"Mz=TEM

-
-t

IF (TFM ,LF, P,y PRINT *,* NEGATIVE SQUARE RGOT™
TF (TTM JLF, ) 6D T 35

CESORT(TIEME LT /UYY

1-1

JE (L «70. ™Y 60 T0 2

-y
L.

nooIn 3

-1,

COMTTING S

WL P CRYY AT YYYY]
Tt fnYY-S LYXYYY]

TEo) LT, 1Y 0 TO 23
Tz (ALY (AL Y=1)
CANSALOG(IBL2=1,) /(TCY (AL1+1.)))724/7C/0
TN JLT. .Y CA0=1300.
CONTINUT
IF (T 7N, Y)Y GC TN 51

15 (J +:7. 1) GO TC ©1
TEIL .76 1Y T AN=CAP(I-1)
TE(L FNe ?2)Y FAN=CAM (J=1)
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C,

10

)

laN

31

5

ob

M=1

"c'_:.L?"Cﬂn

{ANP=zran+:NF

CANM=CAD-0EYL

CANT =CANY 20

CLANzARS (AN

IF(ract «~Ts ~50,) GC TC 35
FTenxFT (CAGY

FINe=rT(LAQP)

FINMzET (CACM)
Fe1=CL0=2."EL*FTCN/ (FTCP~-FTCWM)
IFfanc(Ccpy ,A5T. 1.67) GO TO 35
rRer=CAL*N X"

Crqr=425¢781M)

TeE(T8t] JnT, #5(.) GO TO 35
FTC4 =T {(CLY)

OCINT » CANFTL0,(CAL,L,FTC

TE (A0S {{( L1=TAQ)Y/CLO) 4LT «.004) GO TO 13
chn=riy

MM s

TEA(M ,6T,10Y F0 Tn 28
rnoTa g

If (L .Ff0, ™) RC TN 20
fA=T A1

IF (ASSHFTr*Y) JGT, 14) GO TO 25
TP (ra L7, 0.) S0 7C 35
Fo(ly=cr
A (vy=r4A
T=T#9
PIINT  ("Cfhs " (A, F= *,EF
I =2
0 T 20
Ta=0A01
IF (ASR(FTCYYy 67, 14) GO TO 35
TF (CA LTe 76) GO TN 35
EvMiJy=rF
MU= CA
J=J+1
DT-TNT "O“CA: ",CA,"F= n'Ec
I HJ JFN. TY GO TO 1S
(J 6T, I GO TO 31

1
[N

At K
—4 K rd 2 >

L5 NFY GO TO 5S¢
gn

Jgonh oo M
4
Z o~ )

b
n o
-4
|}
i

[ I o B S R S G B e

(&
1
>

ne TN 2a

POTMT # ,“TT " SATICN OCES NCT SCNVERGE,F= *“,EF,"
TE L ,5N, 7)) G T0 15

‘=2

“rTe 2

TONTINUF

DITMT ARG (RO (L), CAPILLY yLL=1.11,5)

PrINT FLu (FMILL) CAMILL) yLL=14U1,45)
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r

M

Faliagtin-

[ !

1?2

X

Y

DTINT £

01T T, 71

LAY 1Y 2 P ZLAP(T YL LEY

LRI 0 BRIV o

'_l'l-“"(J)=?.‘C’T/F£‘\M(J)'1.F6

PIINT oS¢ (FOLLL)yeLAP{LL),LL=1,T1,5)

PIIMT or g (FMOLL),, ELAMILL)Y yLL=1,J1,5)

T T4, T

TE AT 70, 1) VAP(T) =S, /PTI* (CSAP(2)=-CAF(1))/FDEL

IF (T 7N, T4 VGP(I¥=5,/PTI*(CAP(I1)-(CAP(I1~-1))/FTEL

IF (T M5, ¢ JAND, I «NE. T21) VGF(I)=
T /0T (OAP(TH)-CAP(I-1)) /FDEL*, S
TCONTYNUS
PLTNT P 7 UFP L) VGP(T),I=1411,10)
BEANEERCENY = SRV
TEF (J o0 1Y VEMII)Y =S /FT* (COM(2)=-CAMILYY/ZFIEL
TE (g SFN. LY VGMUD) =5 /PT" (CAMUIJL)-CAM(UL=-1) ) /FEL
TP () «NF, ' LEND, J oNE, J1) VGM(J)=
BT A(CAMIJ ) =CAM(U-1)Y/FDZL* 65
e MRV
POTHT RO (EMLU) ZUGM (Y)Y s d=L U1, 16D
YMT M=DC 0
SY=11071,
¥MTH-ogAn,
Y-,
YT N7,
1V=f*(;f..
RS UL S TR A
[F 1030 (™Y (G 5)200%.) CAP(TI)=C00CCC.
T (-1LAP(T)Y T, 1000, Y ELAF(I)=1GOC,
VERDUTI=APS (VEFL(T))
TUO(UARY(TY AT, 1uXCe) VGP(IN=100C,
Y L J=1 U
TEOAArAMLY)Y 0T, 5,000 CAMU)=5000ub.
Ir t-eaMen a7, 100, Y ELAMGJ)I=1050.
MM (1= TS CM O
TF (VM (U IGYO 1I10C) VGM(\J)zinU.
¥-19,
yYy=1".,
YYz{10n,
ALl FLOAT 1,5 0,.,4=3)
CALL CYMUPL 5,8, 641 HFATL 4470
rﬂi.L CYMQ'\)L{C'—Qrl".oivHFAU?"J’?n)

TR MNTIO T,y o4 2AHWAYE NUMPIK KU(4) (1/MITER) 92€4Y95950e9YMINLZLCY,YY)

"-"LL "-\‘YT'Q'(-)-' Ovlt)HFQ‘;_OUENCV (MHZ"‘iE'X 000 OXMIW'DX9YY)
CALL LINT (T¥. 0PN,
Jle1leNy 4 XMING,OX 4 YMIN,OY, .08)
CALL YUOT (1€ osi e9=?)
cALL symEnp 2 ety e 1y FUATL )4 70)
CPLL TYMARON L, 7y s lbye 14HEADZ 43,70

CLLE PY TN, 3 Fa g 1HHFRECUENNY (MHZ) 4=1E,X s Ce ¢ XMINGZLX YY)

CHLL AXTTHUMes o 2ARHWAVF NUMPER K({=) (1/MITEF) 32€49¥¢9049YMIN,OY,.YY)
b

CALL LIMEL(FN AR,

I:v‘."\.vioXMIN'DX ’YMIN'DY"U&)
\‘V:i.?'
COLY TULNT (17,4 ae=3)
(200 “YMPOLO, st ahye 1 yhEATL,3,70)
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be

L RV PR YD -
s, S’;I‘ ¥ . :

0. &

re o7

Y
27
B
AH
A,
c7

QL
2

CALL CSYMACL (7, alyos1,HFAND,1,70)
Call AXTS(N. o Ty CubWAVELENGCTE (+) (MICRONT ) 324 o XXy Deg YMIN,OY, YY)
CLLL IXTIS (. .aN g 1GKHFECGLUENLY (MHZ) 3=15,XX 40,3, XNMINL,DOX,YY)
CLLL LINF (FMELAM UL, 0,041 o XMINGZCX 2 YMINGEY ,4408)
CLLL FLOTY (1 33.,.e9~2)
CALL SYMAINL (. 3% ahyelyHEADL, 1,70)
CALL TYMANLI, T yrelya14HEAT2,47,70) .
CALL BY TSN, ¢ "y 24HWEVELENGTH (=) (MICRONS) 420 9XX 430 ey YMIN,DY, YY)
LAl AXTIC s aNe g 1GHFREGUENCY (MEZ7) 4=154%X 40, ¢ XMIN,OX,YY)
CLULL LINT (FPOTLAP T 14100414 XMINGTCXGYMINLGLY,, 0R)
CALL FLPT (Y o40ee=3)
CALL TYMANL (,7,0,0441HFANT 4 1,70)
TILL TYMIAIOL M, T el aby e 14 HEAD2,Y,70)
CALL LY TS, 40y

PHEGENUP UELAY/OM () (NSEC) 425 XX 30«9 YMINGTIYL YY)
CALL AYTT a7 g 1SHFREGUENTY (MEZ) 9=15 4XX o0 ¢ o XMTNyOXyYY)
SAMLL OLINFIEM VGM 113Ul XMINGOX,YMINyCY, . 048)
CALY L NT M, Y ,=2)
I\ va‘ﬂr\rl.{o"ol‘.",'olvk""_.'ﬂhlq]o?O)
CLLYL TYMONLL LT, s, 1GHEAD? 1,70}
B U AYTT U e e

PHHGROUR DELAY/ ™M (=) (NSEC) 4284 XX 4 D4e YMIN,uUY, VYY)
LALL AX TS 7 L DN G 1SHFREQUIONTY (MEZ) 3=13 45X o0 49 XFiN,DXyYY)
nrh i..""r(rﬁv\f(;r'9r10 19()!loyMr‘,QDx’Y"I‘\JDYQtUd)
oL TNNeLT
(‘-qn
CrOMAT(AHL)
EPIMATISX o™ Hz " Fit ,7/5X%X," Ti= "v51507/_Xy" C= “,E15.7/
COTHETA =T G E10,7 /5%, Lz M F15.7/75%X,"PHI= ",EL1E,7)
FOSMET(//747(FF19,5/7))
EOPMAT(//7/780X U S=1"//7 (10X 4"F= "4E1547,10Y,"K (=)= “",L&15.7/))
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COMPLETED CASES

In this section there are presented graphical results produced
by the computer programs for various cases.

In figures 2-12 are the results of the basic theory for one set
of parameters, omitting conduction loss. Non-apodized independent
conductors are considered. Graphs are presented for wave number
(plus wave), group delay (plus wave), wave number (minus wave),
group delay (minus wave), normalized dispersion (plus wave), radiation
resistance (plus wave), radiation resistance (minus wave),.total
radiation resistance, total radiation reactance, negative of inser-
tion loss (plus wave) and negative of insertion loss (minus wave).

In figures 13-16 are the results of the microstrip model for
the same set of parameters as above. Presented are graphs of input
resistance, input reactance, negative of insertion loss (plus wave)
and negative of insertion loss (minus wave).

A second set of parameters is considered in Figures 17-28. The
basic theory is employed for non-apodized independent conductors.
There are presented graphs for radiation resistance (minus wave),
radiation resistance (plus wave), total radiation resistance, total
radiation reactance, negative of insertion loss (minus wave) and
negative of insertion loss (plus wave). Results are obtained for

N=1, N=2, N=8 and N=100.

Another set of parameters is considered in all of the figures
29-46.
In figures 29-31 the radiation resistance (minus wave) is pre-

sented for the cases of no apodization, apodization in strip width
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and apodization in center to center spacing. The basic theory for
independent conductors is here considered.

In figures 32-34 there are presented graphs for radiation
resistance (minus wave) for the cases of no apodization, apodization
in strip width and apodization in center to center spacing. Here
the basic theory for normal modes has been considered.

Figure 35 presents the radiation resistance (minus wave) and
radiation resistance (plus wave) for the basic theory with indepen-
dent conductors.

Figure 36 presents the radiation resistance (minus wave) and
radiation resistance (plus wave) as above, with no ground planes.

In figures 37-38 are presented the radiation resistance
(minus wave) and radiation resistance (plus wave) for the basic
theory with normal modes; for the fundamental mode and for n=3.

In figure 39 the radiation resistance (minus wave), radiation
resistance (plus wave) and total radiation resistance are presented
for the basic theory with independent conductors and no ground
planes, for N=1.

In figure 40 the radiation resistance (minus wave) and radiation
resistance (plus wave) for the case as above, with N=3, are presented.

In figure 41 the radiation resistances (plus wave) are presented
for the basic theory with independent conductors, for N=1, N=2, N=3
and N=4,

In figure 42 the radiation resistances (plus wave) for the basic
theory with independent conductors, for N=4, are presented for three

different gap thicknesses.
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In figures 43-44 there are presented the radiation resistance
(plus wave) and radiation resistance (minus wave) for the basic

theory with normal modes, for N=32.
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